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THE EFFECT OF CHANGING THE mmo oF EXEAUST—-VALVE FLOW, CAPACITY
T0 INLET-VALVE FLOW CAPACITY ON VOLUMETRIC EFFICTENCY. AND
" OUTPUT OF A SINGLE-—CYLINDER ENGINE

By James V. D Eppes, James C. Livengood,
- and C. Fayette Taylor

SUMMARY

A series of tests has been mede with g single-cylinder engine in
order to determine the effect on volumetric efficlency and on sngine
performance of changing the ratio of exhaust—valve flow capacity to
inlet-valve flow capacity when operating with exhaust pressure egual to-
inlet pressure. It was found that, within the range of speeds used,
the englne gave best performance with values of the ratio of exhaust—
valve flow cepacity to inlet—valve flow capacity approximately equal to
unity. This value corresponds to inlet and exhaust valves of spprox—
imately equal dlameter and 1ift. It Wwas elso found that conventional
valve timing gave better performance than any of the other timing ar-
rangements tried, except at speeds higher than those used, where it
appeared from the trend of the curves that delaying the inlet—valve
closing would increase volumatric efficiency and hean effective pres—
suxres. .

INTRODUCTION

One of the factors which limit the output of a four-stroke engine -
is the restriction to flow presented by the inlet and exhaust systems.
The grester part of thle restriction to flow usually is found in the
valves and ports. Although other parts of the flow passages may alsc
restrict the flow, these passages can usually be made larger to elimi-—
nate the restrictions. Increases in valve sizes, however, are limited .
because there is only & limited amount of space avallable for valves
in the combustion chamber of o given engine and an increase in the
diameter of the inlet valve can be made only at the expense ¢f exhaust—
valve size, or vice versa. Figure 1 illugtrates this problem for the
cage of a typical sircraft—engine cylinder.
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Analyticel solution for the best compromise between inlet— and
exhaugt~valve sgize is extremely difficult. The best approach appears
to be through experiment.  An experimental procedure which was consid: -
ered . wag to test vearious cylinders, each having ‘'a different ratio .of
inlet— to exheust-valve.diemeter but being geometrically the geame in
all other respects. Such a procedure was rejected as both expensive
and time consuming.. Experiments in which the effects of changes in
inlet— and exhaust-velve diasmeters are simulated by chenges in inlet~
and exhaust~valve lifts offered & quicker and less expensive means of
investigating the problem, and this method was used in the present
research.

A method of simulating chenges in valve diameter by chansing valve
1ift is suggested by the application of the orifice equation for en in—
compressible fluid to the flow through a poppet valve {see reference 1):

M = K 17 Cavfﬁss-‘
where | o |
M maso rate of flow _
K e coefficient depending om units ahd on fluid density
D valve outeido diameter .

Cav the valve flow.coefficiqn@, dvaraged over the valve opening pgriod

4&p pressure 4rop agross the valve

It is evident from the foregoing expression that the average f£low
coefficient will vary as the valve lift is changed. In this investi-
gation changes in the product Dacav were accomplished by changing
valve lift, and it wab assumed that the result, as far as flow was con—
cerned, would ke the aame as 1f the seme values of D2C,, had been

obtained by changing the ‘valve diameter D. This ageumption is Justi~
fied by the -experiments reported in referenoe 1, which showed that
when an engine was operated with various combinations of inlet-valve
dlameter and 1ift, the volumetric efficiency could be expressed .ag a
function of the following parameter

Piaton SPeed X (piston diamstor)a

Velocity of sound X D°C,, for the inlet valve
in inlet alr
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In the work of reference 1, the exhasust valve was large compared with
the inlet valve, and therefore the chief restriction to flow was proba—
bly the inlet valve itself. Short inlet and exhaust pipes were used,
as in the present tests, 1o prevent dynsmic disturbances. Reference 1
showed that, as far ag the -inlet valve is concermed, it is immaterial
to engine performence whether & @iven change in the product DRCqy is

produced by a change in valve diameter or by & change in average flow
coefflicient.

The average flow coefficient Cgy (see reference 1) is obtained

by meking steady-flow tests through the valve and port at various lifts,
at a pressure difference of 10 inches of water. These results are

transleted into a curve of flow ceoefficient against crenk engle by means
of the curve of valve 1ift egainst orank angle. The average flow coof—
ficient is the average ordinate of the latter curve. The product Dacav

is hereafter termed the "flow cepacity of the valve."

Engine tests with varying velve diemeter and lift, comparable with
those described for the inlet valve, have not been carried out for the
exhaust valve. It mey he assumed, however, that the flow through' the
exhaiist valve will also depend on D3Cay  if. the flow coefficients are
determined under the conditions of Fflow existing during the exhaust
process.

The exhaust valve aperates in both the sonlc and the subsonlc flow
regions, Hu (veference 2) showed that for somic flow in the exhaust
valve the flow coefficients were essentially constant for cylinder pres-
sures ranging from 28 to 80 pounds per square inch ebgsolute when the
back pressure was 14,7 pounds per square inch absolute. ILater work
("Investigation of Exhaust Valve Design Using Steady Flow," by Harold J.
Welss and Yet Lin Yee, M.I.T. Thesis, B.S. degres, 1943) showed that
the flow coefficients obtained by subsonic, steady-flcocw tests were in
close agreement with the flow coefficients determined by Hu under sonic-—
flow conditions. It is concluded, therefore, that exhaust-—valve flow
coefficients are substantially lndependent of pressure and flow condi-—
tions, and that cosfficients determined by subsonic, steady-flow tests
at lov pressure difference can be applied to the exhaust process. Thus,
it seems reasonable to assume that the "flow capacity" may be used for:
the exhaust valve in the sams menner as for the inlet valve In simulat—-
ing the effect of changing valve diameter by mesns of the valve 1lift.

The investigation hérein described was -conducted to determine the
best compromise between inlet~ and exhaust—valve size for maximum air
flow and power output. The objects of the investigation were (1) to
determine the effect on aly flow and power output of simultansously
changing the flow capaclity of the inlet and exheust valves of an
aircraft—engine cylinder and (2)- to determine the effect of changing
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inlet~ and exhaust—valve timing on the air flow and power output of an
englne operated with several ccmbinations of inlet~ and exhaust—valve
flow ¢apacities. ' - . T

The tests were made at the Sloan Laboratories of the Massachusetts
Institute of Technology under the sponsorship and with the finencial
agsistance of the National Advisory Commlittee for Aeronautics.

DESCRIFTION OF APPARATUS

The engine used consisted of a typical airoraft 6ylihder'of 5§%-—

inch bore mounted on a special single—cylinder crankcase (fig. 2). The
stroke was 5.5 inches, and tHe compression ratio wes 5.5, As shown in
figure 1, both valves had an outszide diameter of 2. 218 inches. Speclal
rocker arms wers constructed which provided & msang of changing the
lifte of the inlet and exhaust velves (fig. 3). A special camshaft was
used which has two convenient features: (1) the inlet and exhaust ceams
are separate and mey be olamped in any position for the purpose of vary—
ing valve timing (see figs. 3 and 4); (2).the cems are easily removed
and replaced with cams of different profile. A schematic diagram of the
engine setup is shown in figuve 5. ' :

Alr wes supplied to the engine from a compressed-eir line and was
passed through an orifice meter and a surge. tank into a steam~jacketed
veporizing tenk, where the fuel was introduced. The resulting dry fuel—
air mixture was then passed through a large, short inlet pipe to the
inlet port of the cylinder. The exhaust gases were passed through a
short pipe and a large surge tank into the laboratory exhaust systemn.
The reason for using short.iniet end exhaust pipes wae to avoid effects
due to lnertia of the gases.

The cylinder cooling elr was supplied by a large centrifugel fan,
and speclal cylinder baffles were used. The cooling-air pressure vas
regulated by a valve at the fan inlet, '

Lubricating oil was supplied upder pressurs ‘o the engine by means
of a separately driven gear pump. Oil was collected in the engine sump
and returned to the supply tank by a separately driven gear pump. Lu—
brication was provided for the upper ball ends of the push rods by means
of drip cups so located that the cooling-air blast'carried the oil drops
onto the push—rod ends. _
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Measuring Tristiuments - -

Load was provided by an electric dynamomster. Torque was measured
by means of a manometer connected 1o & hydranlically belanced pisnon o
attached to the dynamometer arxm.: Speed. waa determined by a mechanical ’
tachometer in conjunction with a Strobotac operating from.a EO-cycle
alternating—current line and illuminating stripes painted on the fly— '
wheel. . ) N . . ’

Air‘flcw wes measured byma sharp—edge orifice installed in a 3¥Inch '
Pipe line in accordance with the specifications of reference 3 Fuel
flow was measured hy e calibrated rotamster. . o

-

. . - -
Spark advance was measured with a.neon light, revolving With the '
crankshaft adjacent to & stationary protractor :

Standard laboratory equlpment was used to measure temperamures
and pressures.

Both heavy— and light—spring indicstor cards were taken with the
M.I.T. balanced.pressure diaphragm 1ndicqtor unit (reference L).

Vﬁlve Timing

Valve timing was measured’ during actual running oy means of elec—
trical strain gages cemented to the push rods and connected through
flexible leads to a g0~volt vattery and ballast resistor. The variation
in electrical’ resistance of the strain. gage caused by changes in strain.
in the push rod caused a variatlon in voltage drop across the strain
gage. This variation’ wes amplified by. the y—axis amplifier of a DuMont
type 208 oscillogranh The resulting pattern which appeared on the
oscillograph screen was a strain—time picture of the pushrrod operating
cycle which sHowed g clearly defined _beginning and end. An. electrical
timing impulse wag provided by a. breakey operating &t crankshaft - speed .
end this impulse was superimposed on the push-rod strain pattern By
rotating the breaker, this ‘impulsé trace could be alined with the begin~
ning or end-of the push~rod ‘strain pattern, and by using this impulse to
flesh the neon spark-timing light, the crank angle corresponding .to the
beginning or end of the valve motion could be messured.

By means of the timing appgratus Juet described, operating velve
clearance was held at 0,045 inch at the cam during all tests. For pur—
poses of computing the average flow coefficient, the valve—lift curve
was based on the cam 1ify. aboye the clearence line, as sghown in. figurs
6. The opening and closing afigles used to 1dentify valve timing were.
taken at the ihtersection of the constant—velocity 'ramps" and the cam—
acceleration curves, in accordance with usual practice. (See fig. 6.) o



.6 NACA TN No. 1365
VALVE FLOW CAPACITIES

In determining the combinations of inlet~ and exhaust—~velve lifte:
to be tested, it was decided to simmlate, as far es possible, the de¢.'
elgn restrictions imposed by the engine cylinder. Figure 1(a) ig a
cross section of this cylinder, while figure 1(b) shows the head angles
actually occupied by the outside diameters of the inlet and the exhaust
velve, and the angles corresponding to the spaces between the valves
themselves and between the valves and the top of the cylinder barrel.

With reference to figure l(b), it was assumed that ang-ee 61, 82,
and 63 would be held constant for structural reasons. The two valves
occupied & total angle (6, + 8g)  of 94°, . In varying inlet— and
exhaust-valve diameters, this 94° angle theoretically could be distrib:-
uted between the two valves in any proportion. The resulting theorsti-

cal diameters over & reasonable range are shown in figure 7.

The average flow coefficients of the inlet and exhaust valveg were
determined from the resulte of the steady-flow tests (fig. 8) and the
valve~1ift and Grank—engle relationships., The resulting curves of '
average flow coefficient are shown in figure 9.

Inlet—~ and exhaust-velve flow—-capacity reletionships axre shown in
figure 10. The space within the dotted rectangle of figure 10 repre—
sents the flow capacities that conld be obtained with the apparatus.

The curve A-B represents the variation in flow capagities that would
have been obtained if the valve diemeters had been changed in accordance
with the values shown in figure 7, maintaining a meximum (valve lift/
valve dismeter) ratio of 0.22% for each valve. Because it was impracti—
cable to run the engine with lifts higher than 1/2 inch, it was not
Pboseible.to operate along curve A-B, The curve C-D was therefore chosen
as a basls because.it allowed a vide range of inlet~to—exhaust valve
flow cepacities without exceeding a maximum 1ift of 1/2 inch for either
valve. Curve C—D represents the valve flow~capacity relationships in a
geometrically similar cylinder head of smaller gize than the cylinder
.actually used, but with availeble space for valves similarly utilized.
Figure 11 shcws the valve lifts required to give the valve flow capaci~
ties of curve C~D of figurs 10. .

METHOD QF TEST

Thirteen runs were made during the.investigation. Data on valve
1ifts, flow capacities, and valve timing for these runs sre given in
teble I. The runs have &lBo been’ designated by number on figurea 10
and 11 to permit a ready appreisal of the variationd in flow capsacities
angd velve lifts.



o, was unchanged,

LGN

" NACA TN No. 1365 . T

Runs 1 through 5 were made w1th va_'Lve :E'low capdcities represented
.by curve C-D of figu¥re, 10, In these runs cems of 265 crank degrees nom—
inal opening wers used. for both 1nlet and exhaust a.nri the va.lve timing

L .‘_\;“. B e e el .
L e - A - e . I

. Runs 6 and. 12 were mad.e at the Sams F1ow c&pamties es run 5, but
: with different valve timing for the inlet valve to detemine whether an
improvement in performence could be obtained. Similarly, ‘runs -7 and 10
were made at the same flow capacities as run 1, but with differént tim—
.-ings for the exhaust valve. . Runs 1l and 13 were made at the same flow
- capa.c:.ties as run 3 3 but an 'edrly exhaust .opening 'was used. for run ll
. and a. late 4nlet closing was used for run 13. . o

Runs 8 and. 9 were made to show, a.long with yun 3 . the efflect on ~ - -
engine performance when the exhaust— and inlet—valve flow. capa.cities )
.are ohanged, -put the exhaust-valve flow capacity is kept equal to inlet—
valve flow. capacity. The same valve 'bimings were used for runs 3 3 '8,
and9 -, oL
) Tl:ge following engine conditions were held. constant during these
“tesbs: - .

Rt . S . - . PRI

R

-.Inletpressure,in.Hga’bs,,..............- ...33
Exhaust pressuye, In. Bg ab8 . « « « « « + "0 0 4 o . . . 33
Inlet-eir tempersture, °F . . . e e e e e s e v . . 220
Rear—epark-plug—gasket temperature, OF L Ll e e . . Jhs0
Inlet—oil temperature, OF . . ¢ o ¢ v « « o v o s o o o s o 2 o o s 150
Fusi~ddl Z8HI0 o v « ¢ o'e o s o o s o o 4 e e 4 4 e 0w s 0.075
<Fuel . . . . v e e e e e e s . ............‘.lOO-—-octane
Spark BAVANCE. « o« o o o ¢ o o .o ¢ 4 o e s e o « s + s « DbESL pOVEr
. COmPression TabtIo. o & « o « &+ o o o s s 0 e s e 4 @ e N 1

For each setting of the valves and valve timing, readings were
taken at various speeds from 500 to 2600 rpm.

RESULTS AND DISCUSSION

The - resul'bs of the' tests are present.ed in figures 12 to 23. The
findings of principal interest are given in figureé 12, which shows vari-—
. ation in volumetric efficiency with engine speed, and figure 13, which
ghows variation in indicated mean effedtive pressuye, brake mean effec— -
tive pressure, and pumping mean effective pressure with engine apeed for
‘yuns 1 through 5 in which the inlet— and exhaust—valve flow capacities
are changed elong the curve C~D of figure 10, In the following discus~—
sion, the ratio of exhaust-valve flow capacity to inlet—valve flow capac—
1ty will be termed the "flow-capacity ratio.’
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In interpreting figures 12 and 13, it 1s necessary o make allowance
for the fact that, in these teste, flow capacities of the wvalves, at any
given flcw—capaclty ratio, were consider;bly less then they would heave )
been if a series of cylinders of the same size and shape but with. differ
ent valve diameters had been used, as suggested in figures 1 and 7. To
agsist in interpreting. flgures 12 and 13 as they would apply to & series
of cylinders of the same size dbut with different relative.valve: diameters,;
a term "normel pilston speed“ hes been plotted along the absc*sea scale
of. figures 12 agd 13. ) N .

By referring to figure 10 it will be seen that the curve AbB, for
a set of cylinders with varyinz velve sizes, has valve flow capacities.
at a given flow-capacity ratio which are considersbly higher than the
flow capecities (curve CnD) of the cylinder used in these teate, when
valve lift instaad of valve gize was varied

Reference X indicates that; with given inlet andvexhaust conditions,
volumetric sfficiency depends on the ratio of piston apeed to inlet—~valve
flow capacity. Assuming this %o be the ¢ase when both inlet— and exhaust—~
valve capacities sre varied, it 1s evident that, for the same volumetric
efficiency, the engine represented by the line A-B will run at a consid~
erably higher piston speed than the engine represented by line O~D.

With the condition of equal inlet and exhaust valves ag & yeference
point, the ratio of 'D?Cqy for the engine with variable valve diameters

to D®Cay for the engine with varying valve lifts is -%*i% = 1.34.

Thus "noxmal" piston ‘speed, or the piston speed of the engine with vary-
ing valve sizes would presumsbly be 1.34 times the piston speed of the
engine with variable valve lifts to give the same volumetric efficiency
with e given ratio of valve flow capacities., The normal piston speed.
plotted under figures 12 and 13 is, therefore, 1.3% times the piston
spoed at which the test engine was run. Lo )

Figure 12 shows that at normal piston speeds between 500 to 1800
feet per minute, varistions in flow~capacity ratio have little effect
on volumetric efficiency. Above 1800 feet per minute the curves sepa—
rate, and the highest volumetric efficlency at-high speeds was obtained
with a flow-capecity ratio of 0.59. Thie ratio corresponds t¢ a ratio
of exhaust— to inlet~valve diameter of 0.83 if the two valves are of
similar design. It should be emphasized that this reeult was obtained
wilth exhaust pressure held equal to the inlet pressure, For-a differ—
ent ratio of exhaust to inlet pressure a different ratioc of vglve dlem—
etera for optimm voluwmetric efficiency mlght be obtained. It is also
noticegable that the flow-capacity ratio of 1,00 gives nearly the same
volumetric efficiency at all speeds as the flow-capacity ratio of 0.69.
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-Figure 13 shows brake meen effective pressure as measured by dyne~
mometer torque and indicated mean effective pressure ahd pumping mean
effective pressure as measured from the indicator cards. This figure
shows that, in the range of norme.l pistcm ‘speed-between 1000 and 2000
feet per minute (this range includes normal crulsing piston speeds.at.
the present time), the various valve arrangements make little’ difference
in the brake mean effective Pressure. -Above this -gpeed;, the highest
brake mean effective pressure is obtained when the valves ha.ve a flow-—
capacity retio of 1.00. ! . SN x

-, Figure 13 a:Lso shows tha.t indica.ted. fean ‘efféctive pressure at high
spéeds. is highest’ with a ,flow—-capa.city ratio of O 69 This. agrees with:
figure. 12, which shows that a flow~capacity ratio'of:'0.69 gives.ths "
highest volumetric efficiency at ‘high spgeds. ‘The ‘difference in flow=s .
cepacity ratios giving maximu_m 1ndice.ted. mean effective pressure and ‘-
meximum brake mean effective pressure geems atiributable to higher pump—
ing lospes with the lower flcw-—capacity ratio, which 1s confirmed: by the
pumping mean effective DPressure curves in figure 13. The probabls error
in measurements of ind.ica.ted. mean effeotive pressure and rumping mean -
effective pressure from the ipdicator cards is rather large, however, .
ag indicated by the evi&ent ﬂ.iscrepancies shown at 1500 ypu in figure 13.
It 1s therefore recommended that thHe curves of indicated mean effective
pressure and pumping mean effect:.ve pressure in this report -be inter- s
preted. with caution . . :

s

It is also quite possible that the small differences between the
curves for flow-capacity retio 1.00 and flow-—ca.pacity ratio 0.69 in both
figures 12 and 13 sre within experimental error, in which cage 'it may- be
concluded that changes in. flow-capaoity ratio between 0.69 and 1.00 .have
little effect on performance . o

Figures 1h to 21 show results of teste made %o dstermine the.effects
of ‘several changes in velve timing. The "normal” timing,. which was used
in all runs Plotted in :E':Lgures 12 and 13 ’ was as follcws.

. e e e e e e .19° B.T

Inletopens...............,. C
Inlet cloSeS . . . . 4 « v ¢ 4 4 4wt e s e e e e e e . .. 66°A.B,0C.
Exhapst ODONS. . o 4 e v v v 6 o o v o v o ot e o o 4 o bra T2° B. B c.
Exhe.ustcloees..'...... ..‘...... 14° a,7,C,

. .Figures l)+ end 15 give the results of runs 1, 7, and 10, in which,

., with a flow—-capacity ratio of -0.5%; three d.i:f'fe rent exhaust-—valve timings

Were used, the timing in run 1 being normal. Run 10, in which the ex~

. haust valve was opened 34° earlier then for runm 1, w1th other valve .

. events unchanged did not result in any significant improvement in vOlu—~
metric efficlency, indlicated mean effective pressure, and breke mean'

effective pressure. Run 7, hovever, shows that volumetric efficiency,

indiceted mesn effective pressure, and brake mean effective pressure
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were greatly lowered when both the opening;gnd the closing of the exhaust
valve were made to occur 25°. earlier

Figures lo and 17 show that, when ‘the engine is cperated with a
flow—capacity ratio of 1.00, opening the exhaust. valve 34° eariier than
normal, with other valve events unchanged, does not.result in any nota—
ble improvement in volumetric efficiemcy or -indicated mean effectlyve . i .
pressure, -The brake mean effective pressure values are lowered with
the early exhaust—valve opening. .

The effects of -changing .inlet~valve timing.with a flow—capacity
ratio of 1.79 are shown in figures 18 and 19. As compared with the nor—
mel timing of run 5, the inlet valve was .oOpened and closed 27° later in ..
run 6; whereas fer run 12 the only change .in valve timing was to close .
the inlet valve 35 later. Both of these chengee in inlet-valve timing -
resulted 1n lower volumetric efficiency, indicated mean effective pres—
sure, and brake mean effective pressure,.in the lower speed range. The
differences in volumetric efficiency, indicated mean effective pressure,
and brake mesn effective pressurye for the three valve timings became
less as the speed was increased. Above 2100 ypm (corresponding 4o a
normel piston speed of 2500 £t/min) the timing used in run 12 results in
a sllightly higher volumetrie efilclency. The .trend of the curves in
figure 19 suggests that above 2400-rpm (corresponding to a normsl piston
speed of 2850 ft/min) the timing used in run 12 would give an increase
in indicated mean effective pressure and breke meen effective preseure.

Figuree 20 and 21 show that when the engine s cperating with a
flow-capecity ratio of 1,00, closing the, inlet valve at 101° A.B.C. in—
stead of at 66° A.B.C. results in lower volumetric efficiency, indicated
Meen effective pressure, and brake mean effective pressure, over the
speed range investigated. As the engine is operated at higher speeds,
however, the differences became less. The trend of the curves indicates
thet, at speeds above ‘the highest used in thkis investigestion, later
inlet«v&lve clobing may give. higher velumetric efficlency, indlcated
mean effective pressure, and brake mean effective presgure than the nor—
mal timing.

Figures 22 and 23 show .the effects of changing the flow capacities
of the exh=ust and inlet valves while maintalning a flow-capaclty ratio ,
of 1.00. The decrease in volumetric efficiency, indicated mean effective
Pressure, and brake mean effective pressure at the higher engine speeds
ag the flow cepacities are reduced reflects the curtailment in maximmum
engine performance ‘when the engine designer does not utilize the maximum
flow cepacities possible for the inlet and exhaust valves, In practics,
low valve flow capacities could result from uging small valve diameters,
low valve lifts, or poorly designed valires and ports (See reference 5. )

:
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INDICATOR DIAGRAMS

Light—spring indicator dlagrams taken during these tests are repro—
duced in figures 24 to 38. Superposition of the individual diegrams was
based on the common inlet and exhsust pressure line (pi = Pe = 33 in.

Hg abs.). There is evidence that some of the dlagrems, in particular
those of figure 36, are displaced in the pressure direction, indicating
en error in the location of the "atmospheric" line on the original indi-
g¢ator cards. Caution, therefore, ie advised in comparing the various
diagrams guantitatively.

In general, the diagrems show expected trends, that is, that pres—
sure losses through the valves increase with increasing speed and with
decreasing flow capacity. The figures furnish interesting data on the
detailed effects of the various valve--lift-and valve-~fiming combinations.

CONCLUSIONS

Teagts made with a single~cylinder engine to determins the effect
on volumetric efficiency and on engine performance of changing the ratio
of exhaust—valve flow capaclty to inlet—valve flow capacity show that,
vwithin the range of the tests a.nd. when inlet pressure is maintained
equal to exhaust pressure:

1. A flow—capacity ratio of spproximately 1.00 gives highest brake .
meen effective pressure over most of the speed range. This flow-capacity
ratio corveseponds to equal diameters for exhaust and inlet valves of
sinmiler design. oo

2. Reducing the flow—cavacity ratio from 1.00 to 0.6G effects only
a small reduction in brake mean effective pressure — possibly within the
experimental errors lnvolved.

3. Highest volumetric efficiency over the speed range was obtained
with a flow~capacity ratio of 0.69. Increasing this ratio to 1.00 gave
only e slight reduction in volumetric efficiency — possibly within ex—
perimental error.

4. Tests with several arrangements of inlet— and exhaust-velve
timing showed no significant improvemsnts in volumetric efficiency,
indiceted mean effective pressure, and brake mean effective pressure
over the values obtained with normel timing (inlet opens 19° B T.C. and
closes 66° A.B,C., and exhaust opens T2° B.B.C. and closes 14° A.T.C.)
within the range of speeds achually used in the tests. The treand of
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several of the curves showé'd, how—éver, that improvement in output at
higher aspeeds should be expected with a delayed inlet—valve closing.

"Employﬁient' 6f_‘z"alti_bs of 'e.:fc—héu_st '139 _in:.'l_.é'b pressure .not équai to 1
might result in a modification of these conclusions. .

Massachusetts Institute of Technology,
Cambridge, Mass., April 25, "Ag46.

REFERENCES

1. Livéngood, James C., and Stanitz, John D.: The Effect of Inlet~Valve
Design, Sizse, a.nd. Lift on the Air Capacity and Output of a Four—
Stroke Engine. NACA TN No. 915, 19h3.

2. Hu, Seng-Chiu: Study of Exheust~Velve Design from Gas Flow Stand—
point. dJour. Aero. Sci., vol. 11, nmo. 1, Jan. 194k, pp. 1320,

3. Anon: Fluid Meters — Their Theory and Appllca. tion. Pt. 1. A.S.M.E.,,
kth ed., 1937.

L. Reynolds, Blake, Schecter, Herry, and Taylor, E. 8.: The Charging
Process in a High-Speed, Single-Cylinder, Four-—Stroke Engine.
NACA TN No. 675, 1939.

5. Wood, G. B., Jr., Bunter, D. U., Taylor, E. 8., and Taylor, C. F.:
Alr Flow through Intske Valves. S8AE. Jour., vol. 50, no. 6,
June 1942, pp. 212-220, 252. ’



TABIE 1.~ SCHEDULE OF VALVE LIFT, VAIVE TIMING, AND FILOW CCEFFICIENTS FOR ALL TESTS

COET "OoN HI YOVN

Valve 1lift Logsix/D Cay DPCay Valve timing
(in.) Flow
Run —$CAPAC— | Tnlat Inlet Exhaust | Exhaust
rigo opens closes opens closes
Tnlot|fxhaust| Inlst Bxhaust| Inlet Exhaust) InletiBxhavst (°5.7.0.){(%.B.c.)| (°8.B.c.)} (%A.1.C.)
1 {0.500) 0.2 10,225{ 0.110 10.319! 0.263 J1.5601 0.802 | o510 | 19 66 T2 1h
o | .hos| o290 | L1683 L1331 ] .201| .193 [1.380f .oL8 b9 19 66 T2 14
3] .333) .3%8 | 150 162 | .23%| .235 |1.%1) 1.155 | 1.00| 19 66 72 1h
ho| e84} k26 | (128] .193 | .197( .273 | .969| 1.343 | 1.39} 19 66 T2 14
5 | .ek8] 500 | 12| .e25 | ..170] .305 | .836] 1.500 | 1.79| 19 1 66 T2 14
6 | .2u8| .500 | 12| .225| .170| .305 | .836] 1500 | 1.79] ©°8 9k T2 1k
71 500] .obh b oees| 110 ] .m9| 163 |i.s60l L8 51| 19 66 97 1o
& | .o .500 | .e07) .225 1 .305| .305 |1.500] 1.500 { 1.00| 19 66 T2 1k
9 | e 250 {1 ,110f .1131} .167| .167 |..Ber| .821 | 1.00| 1o 66 T2 14
10 | .500] oMk} oLees) 120 .319) 163 {1.8690 .80z .5l 19 66 106 1k
11 | ,333] .35 | .50 162 .234| .235 [1.101] L.155 (| 1.00) 19 €6 106 1y
i2 | .2h8) s00 | 12| .225 | 1701 .305 | .836| 1.500 1.79 19 101 T2 ik
131,333 .50 | 0| 162 .e3h) 235 |1.151f r.ass5 ] 1.00] 19 101 T2 14

%Intake opened 87 A,7.C.

Phnenst closed 12° B.T.C.
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Mean effective pressure, lb/sq in,

NACA TN No. 1365 ) Fig, 13
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NACA TN No. 1365 Fig. 15
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NACA TN No. 1365 Fig. 17
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Figure 17.- Performance of an engine with equal inlet and exhaust
flow capacities and two exhaust timing arrangements.
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NACA TN No. 1365 Fig. 19
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Figure 34.- Light-spring indicator cards, Effect of varying flow-
capacity ratio. Engine speed, 500 rpm; normal valve
timing (see table I). V., clearance volume; V4, displacement volume.
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Figure 2b.- Light-spring indicator cards. Effect of varying flow-
capacit¥ ratio. Engine spesd, 1500 rpm; normal valve
timing (see table I). Vg, clearance volume; V4, displacement volume.
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Figure 36.- Light-spring indicator ocards. Effect of varying flow-
capacity ratio. Engine speed, 3500 rpm; normal valve
timing (see table I). Ve, clearance volume; Va, displacement volume.
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Figure 27.- Light-gpring indicator cards. Effect of changing valve

timing. Engine speed, 500 rpm; inlet D9Cay, 1.569; exhaust

D3Cay, 0.802; flow-capecity ratio, 0.51.
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Valve timing
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Figure 28.- Light-spring indicator cards. Effeot of_changing valve
timing. Engine speed, 1500 rpm; inlet D3Cgy, 1.569; exhaust
D2Cgy, 0.802; flow-capacity ratio, 0.51.
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timing. Engine speed, 3500 rpm; inlet D20a,v, 1.569; exhaust

D2Cqy, 0.802; flow-capacity ratio, 0.51,
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Figure 30.- Light-spring indicator cards. Effect of changing valve
timing. Engine epeed, 500 rpm; inlet DS0,y, 1.151; exhaust
D3Cay, 1.156;3 flow-oapacity ratio, 1.00,
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Figure 31.- Light-epring indicator cards. Effect of changing valve
timing. Engine speed, 1500 rpm; inlet D20y, 1.151; exhaust

D30gy, 1.155; flow-capacity ratio, 1.00.



Fig. 32 - NACA TN No. 1365
Valve timing
I.o. oCo E.o. E.c.
e i pi b Siad
— 3 19 66 72 14
- —_— 11 19 66 106 14
2 ~————- 13 19 101 72 14
A0~
g NATIONAL ADVISORY COMMITTEE
- FOR AERONAUTICS \
)
35 ~
[4 ]
- \\\
g \
-é by \\ 4
a 1
“1 30 's \\ II
5 b \ 1
o \ /]
@ o \\ f]
~ = )
3 L \ / Ii
28] 2 N /
o N /
g ] -~ \‘ ,,
@ a T~ — N ’ /
n. 20- ot ’o' /
3 2 =SSz
oy
—t
P
S 15 P
/'/
e w— "o
i S— g ._'"
10- T T
u——vc e vd >

Pigure 32.- Light-spring indicator cards. Effect of _changing valve

timing. Engine speed, 2500 rpm; inlet D2Cay, 1.151; exhaust

D%Cgy, 1.155; flow-capaoity ratio, 1.00.
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Figure 33.~ Light-spring indicator cards. Effect of changing valve
timing. Engine speed, 500 rpm; inlet D®0gy, 0.836; exhaust
D2Cgy, 1.500; flow-capacity ratio, 1.79.
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Figure 34.- Light-spring indicator ocards. Effect of changing valve
timing. Engine speed, 1500 rpm; inlet DBOQy, 0.836; exhaust
D30ay, 1.500; flow-oapacity ratio, 1.79.
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Figure 35.- Light-spring indicator cards.
D304y, 1.500

timing.

3 flow-capacity ratio,

Engine speed,
1.79.

Effect of changing valve
3500 rpm; inlet D304, 0.8368; exhaust
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Figure 36.- Light-spring indicator cards. Effect of varying valve flow
capacities. Engine speed, 500 rpm; constant flow-capacity
ratio, 1.00; normal valve timing (see table I).
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Figure 37.- Light-spring indicator cards.
capacities. Engine speed, 1500
ratio, 1.00; normal valve timing (eee table

rg?; constant flow-capacity
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Figure 38.- Light-spring indicator cards. Effect of varying valve flow

capacities. Engine speed, 23500 rpm; oconstant flow-capacity

ratio, 1.00; normal valve timing (see table I).



